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103 F0RMAT*'fc86H0 THE TABLE OF BOUNDARY* IRREGULAR OR REGULAR POINTS IS 0521
IFULL. RERUN WITH COARSER MESH.) 0522
END 0523
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PROGRAM PART2

COMMON.. DUMOVER (27718 )

CALL MAIN3

CALL MAIN6'
CALL MAIN3

CALL MAIN4

CALL MAIN5

RETURN.

END
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SUBROUTINE DECC 0530

CDECC

C 00015311 0528

£ CALCULATE COEFFICIENTS OF DIFFFRENCE EQUATIONS 0529
COMMON C5*C95»NT3»UT3*NT4*HT4»KT4,NT5.NE3»NE4*NE5*NC»NR*KODBAS» 0531

1DX *DY >JOBNUM »UMAT »NEOU, DUM ♦ NUMP T *I) IFCO »X ,Y *HL ,M »COFFT

DIMENSION NT3(780)>UT3(780)»NT4(780),HT4(780*4)»KT4(780)» 0533

1NT5(390»2)»UMAT(3250)>NUMPT(2900)»DIFCO(2900»5)» 0534
2HL(4)»COFFT(5)»DUM(20)*J0BNUM(4) 0535

C 0536

NEQ'J=0. 0537
J4=l 0538

K5=l 0539

4 IF(K5-NE5)6»6,5 0540

5 IF( J4-.NE4)8»8*35 0541

6 IF(J4-NE4)7,7*20 0542

7 .IF(NT5tK5»l)-NT4( J4) )20»20*8 0543
8 IF(NT4(J4))16*16*9 0544

9 M=NT4(J4) 0545
Y=FLOAT ((M-l)/NC)*DY

Q= MOD (M-l, NO

X=Q*DX 0548

DO 12 1=1*4 0549

12 HL(I)=HT4(J4*I ) 0550

NEQU=NEQU+1 0551

CALL GETC0(KT4(J4))

NUMPT(WEOU)=M 05 53

DO 15 ! = 1»5 0554

15 D'IFCO(NFOU»n=COFFT(T) ' 0555
16 J4=J4+1 0556

GO TO 4 0557

20 NPL=NT5(K5*1) 0558

NPU=NT5(K5»2) 0559

DO 23 1=1*4 0560

23 HL(I)=i.O 0561
DO 31 M = <MPL»NPU 0562

Y = FLOAT. ( (M-1)/NC)*DY

0= MOD (M-l,NO

X=Q*DX 0565
NEOU=NEQU+l 0566

CALL GETCO(KODBAS)
NUMPT(NEQU)=M 0568

DO 30 1=1*5 0569

30 DIFCO(NFQU*I)=COEFT(T) 0570

31 CONTINUF 0571

K5=K5+1 0572

GO TO 4 0573

35 RETURN. 0574

END 0575
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SUBROUTINE ITRATE(BETA*r>MAX»UCORR* ICORR»GNORM) 0578
CITRATE

C 00015S12 0576

C THE EXTRAPOLATED-LIEB-1ANN ITFRATION 0577
' COMMON DUMl,NC*NR»KODBAS»DX»DY»JOBNUM»UnAT»NEOU»DUM2*NUMPT»DIFCO 0579

DIMENSION DUMK702 5) ,UMAT( 3250) »DUM2( 20) »MUMPT( 2900) *D IFCO( 2900 >5 ) 0580
1*J0BNUM(4)

DMAX=0 0581

GNORM=0 0582

DO 2 I=1»NEQU 0583

J=NUMPT(I) 0584

K=J+NC 0585

L=J-NC 0586

RES=D1FC0(I*1)*UMAT(J+l)+DIFCO(I»2)*UMAT(K) 058 7

l+DIFCO(I»3)*UMAT(J-l)+DIFC0(I,4 )*UKAT <L) 0588

2+DIFCO(I,5)-UMAT(J) 0589

DELTA=RETA#RES 0590

UMAT(J)=UMAT(J)+DELTA 0591

GNORM=GNOi<M+ABSF( DELTA) 0592

IF(AB5 (DELTA)-DMAX)2*2»1
1 DMAX=ABS (DELTA)

UCORR=UMAT(J) 0595
ICORR=I 0596

2 CONTINUE 0597

RETURN^ 0598
END 0599
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SUBROUTINE USER2 . 0601

CUSER2

C 00015S18 0600

RETURN

END 0604
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SUBROUTINE GETCO(KODF)

CGETCO

C 00015S27 0605

C 0607

C CALCULATION OF DIFFERFNCF EQUATION COEFFICIENTS FOR POISSONS 0608
C EQUATION IN CYLINDRICAL COORDINATES WITH AXIAL SYMMETRY (X=Z*Y=R) 0609

(C BASIC CODE IS 250* CODE FOR AXIS IS 251. 0610
C FOR POISSONS EQUATION IN RECTANGULAR CO-ORDINATES* 0611
C USE BASIC CODE 200. 0612
C 0613

COMMON DUM1*DX,DY,JOBNUM,UMAT*JFOU,DUM2*NLITS,NBFREF,DUM3»NUMPT*

1DIFC0,X»Y,H*M*C

DIMENSION H(4)»C(5)»D»IM1(7028),UMAT(3250)»DUM2(3)*BU(127)»JOBNUM(4 0615
1)*DUM3(15)>NUMPT(2900)»DIFCO(2900>5)

C TAPES USED IN THIS PROGRAM

NBI2=2
C 0616

R=DX/Di 0617
IF(KODE-250)6*5»6 0618

6 IF(KODE-251)7,10,7 0619

7 T1=(H( l')*H(3)*R**2)/(H(2 )*H(4) ) 0620
T2=(H(1)+H<3))*<1.+T1) 0621
T3=(H(2)+H(4) )*(1. + 1./T1 ) 0622
C(1)=H(3)/T2 0623
C(2)=H(4)/T3 0624
C(3)=H(1)/T2 0625

C(4)=H(2)/T3 0626

EL=R/(H(2)*H(4))+1•/(R*H(1)*H(3)) 0627

GO TO '15. 0628
5 T1=0.5*DY/Y v 0629

T2=1.0+H(4)*T1 0630

T1=H(2)*T1 0631

EL=(T2-T1)*R/(H(2)*H(4))+1.0/(R*H(1)*H(3)) 0632

C(1)=1.0/(EL*R*(H( D+H(3) ) ) 0633

C(3)=C(1)/H(3) 0634
C(1)=C(1)/H(1) 0635
C(2)=R/(EL#(H(2)+H(4))) 0636

C(4)=(1.0-T1)*C(2)/H(4) 0637

C(2)=T2*C(2)/H(2) 0638
GO TO 15 0639

10 T1=2.0*R/H(2)**2 0640

EL= T1+.1.0/(R*H(1)*H(3) ) 0641
? T2=1.0/(EL*R*(H(1)+H(3) ) ) 0642

C(1)=T2/H(1) 0643

C(2)=T1/EL 0644

C(3)=T2/H(3) ' 0645

C<4)=0..0 0646

15 C(5)=0.0 0647

IF(NLITS)20,20,21 0648

20 RETURN 0649

21 IF(M-N,BFREF)23*?6,26 0650

23 LAM=(NBFREF-M-1)/127+1 0651

LAM.1 = LAM,+ 1 0652

DO 24 I=1*LAM1 - 52 - 0653



24 BACKSPACE NBI2

. NBFREF=NBFRFF-127*LAM 0655

25 READ CNBI2) (BU(I)* I= 1 *127)
GO TO 21 06517

26 IF(M-NBFREF-126)28»28»27 0658

27 NBFREF=NBFREF+127 0659

GO TO 25 0660

28 LAM=M-NBFREF+1 0661

C(5) = (-BU(LAM)*DX*DY)/(2.#FL ) 0662

RETURN : 0663

END j 0664
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SUBROUTINE MAIN3

CMAIN

C

»NT3»UT3»NT4»HT4*KT4*NT5»NE3»NE4*NE5»NC»NR»KODBAS»

NSW1»NSW2»TIM,

UMAT»NEQM,NPI

R*EIGFN»NIT»N

(9)*DUM2(12 )

(780),UT3(780

AT(3250) ,NUMP"

THIS PROGRAM

02007 S 11

COMMON C5*C95

1DX,DY»JOBNUM*

2

30PM»BETA*BEEP

DIMENSION DUM

DIMENSION NT3

1NT5(390*2)*UM

TAPES USED IN

N0UT2-7

GNORML=1.0

MTAPE=NOUT2

IF(C5-6.0002)
RETURN

CALL DECC

NC12=0

CALL ITRATE(B

NIT=NIT+1

EMAX=EIGEN#DM

NC12=NC12+1

NITA=NIT-NITS

PRINT 103»NIT

IF(EMAX-EWANT

IF(NIT-NITP-1

IF(OPM)30,76»

OPM=1.0

WRITE (MTAPE.

WRITE (MTAPE*

1I=1»NPIA)

WRITE (MTAPE*

WRITE (MTAPE*

14)

WRITE (MTAPE*

WRITE (MTAPE*

FORMAT(3HEOF)

REWIND MTAPE

CONTINUE

CALL USER2

RETURN

GO TO 21

IF(NIT-1)36*3

BETA=1.375

IF(BFINAL)22»

BETA=BFINAL

GO TO 22

IF(BFINAL)45»

P(NC12)=GNORM

IF(NC12-12)47

GNORML=GNORM

GO TO 23

IF(NTT-13)50*

ETGEN=P(12)

72

21

22

23

75

775

776

30

108

76

31

35

36

38

40

45

47

49

50

21,72*21

A»EWANT»BFINAL»NLITS*NBFREF*DUM»

ITP*NUMPT,DIFCO,DUM2*NITSUB

)*NT4(780),HT4(780*4)*KT4(7R0),

T( 29(30) »DIFCO(2900»5) »P(12)

ETA»DMAX*UCOR

AX/(A«3S (UCOR

R» ICORR*GNORM)

R)*(1.0-EIGEN))

UB

A»BETA»GNORM*NUMPT(ICORR)»DMAX»UCORR»EIGEN»EMAX

)75,75*35

)776*776*775

30

101)

102)

105)

106)

107)

108)

6*40

22*38

45*22

/GNORML

»49,4Q

51,50

JOBMUM»DX»DY*NR*NC

BFINAL»EIGEN,BETA,BEEPR*NITA»(UMAT(I) ♦

NE3*NE4»NE5»(NT3(I)»UT3(I)»I=1»NE3)

(NT4(I)*(HT4(I*J)*J=1*4)»KT4(I)*I=1*NE

tNT5(I*1)»NT5(I*2)*I=1*NE5)

- 5U-

0745

0746

0750

0751

0752

0754

0791

0792

0793

0794

0796

0797

0798

0800

0801

0802

0803

0804

0805

0806
0807

0808

0809

0810

0812

0813

0814

0815

0816

0817

0818

0819

0820

0823

0824

0825

0826

0827

0828



GO TO 58 0829

51 D10 =P(.10)-P(11) 0830
D11=P(11)-P(12) 0831
IF(D11)56»56*55 0832

55 IF(D10-D11)50,50,57 0833
56 IF(D11-D10)50*50»57 0834
57 EIGEN=P(10)-D10**2/(D10-D11) 0835

IF(EIGEN-1.0)58,50*50 0836
58 IF(EIGEN-1.0)59*60*60 0837
59 BEENW=2.0/Q.0+SQRTF(1.0-(FIGFN+BFTA-1.0)**2/(CIGEN*RETA**2))) 0838

IF (ABS (BEE.NW-BFEPR ) / (2 . O-BE EMW )-• 0 5 )60,65*65

60 BFINAL=BEF-NV/ 0840
BETA=BFINAL 0841
EIGEN=BETA-1.C 0842
GO TO 70 0843

65 BEEPR=BEENW 0844
BETA=BEENW-(2.0-BErNW)/4.0 0845

70 PRINT 104*P(10) »P(11) *P(12) *ETGFN»BEENW

GO TO 22 0847
101 FORMAT( U5,2E15.7,?n S) 0849

102 FORMAT(4E15.7*I15//(1P7E15.7)) 0850
104 FORMAT(//5F15.7//) 0851
103 FORMAT(I 5»1P2E15.7»IS,AF15.7) 0852

105 FORMAT(///3I15///(I6,1PE15.7)) 0853
106 FORMAT(///(I6*4F10.6,16)) 0854

107 FORMATt///(2I6)) 0855
END 0857
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SUBROUTINE MAIN6

CMAIN6
COMMON C5*C95»NT3»UT3>NT4*HT4»KT4»NT5»NI_3»NE4*NE5»NC*NR»KODBAS>

1DX »DY »JOBNUM,NSW1»NSW?»TIM »
2 UMAT,NEQU»NPIA*EWANT»BFINAL»NLITS»NBFRFF*DUM»
30PM,BETA*BEEPR*EIGrN»NIT»NITP*NUMPT*DIFCO*DUM2»NlTSUB

DIMENSION DUM(9)»DUM2(12)

DIMENSION NT3(780)»UT3(780)>NT4(780)*HT4(780*4) »KT4(780) *

1NT5(390*2)*UMAT(32 50),NUMPT(2900),DIFCO(2900,5),P(1?)
C TAPES USED IN THIS PROGRAM

NTAPE=5

C

NLITS=0 0755
OPM=1.0 0756
C5=0.0002001 0757

71 NPIA=NC*NR 0758
READ 100»BFINAL»EWANT»INPTMK 0759
EWANT=EWANT/100.0 0760
MKCON=0 0762
IF(INPTMK-1)1,6»6 0765

1 MKCON=0 0766
EIGEN=0.95 0767
NIT=0 0768
BETA=1.0 0769

IF(BFINAL-l.O)3,3.2 0770
2 EIGEN=BFINAL-1.0 0771

3 DO 4 I=1*NPIA 0772

4 UMAT(I1 =0.0 0773
GO TO 9 0774

6 READ (NTAPE*101) JUNK»WOT»WOT»NRO»NCO 0777
IF(NR+NC-NRO-NCO)7.8*7 0778

7 REWIND NTAPE 0779

GO TO 1 0780

8 READ ("NTAPE»108) BFINAL»F IGEN*BETA»BEEPR *NI T»JUNK , 0781
1(UMAT(I)*I=1»NPIA) 0782

REWIND NTAPE 0783

9 NITSUB=0 0784

IF(MKCON)16»11.16 0785

11 NITSUB=NIT 0786

16 DO 18 I3=1»NE3 0787
JK=NT3(I3) 0788

18 UMAT(JK)=UT3(13) 0789

RETURN' ,
100 FORMAT(2E15.7,15X,I5) 0848

101 FORMAT(115,2E15.7*2115) 0849

108 FORMAT(4E15.7,I15/U0/(7E15.7) ) 0856

END

- 56 -



SUBROUTINE MA IN4

CMAIN4
C THIS CHAIN USES INTPLT TO CALCULATE POTENTIAL AND FIELDS ON A
C PRESCRIBED CURVE AND THEN CALLS CHAIN(4»A4) FOR EQUIPOTENTIAL PLOT

DIMENSION NT3(780)»UT3(780)»NT4(780)»HT4(780,4) »KT4(780) »NT5(390*2

1),UMAT(3250)»X(50)»Y(50)
COMMON C5»C95»NT3»UT3*NT4*HT4»KT4>NT5»NE3»NE4»NE5»NC»NR»KODBAS»

1DZ.DR*JOBPOT»NSWl*NSW2» TIM*UMAT
READ 5* ANODPT

5 FORMAT(F10.5)

PRINT i5, ANODPT
6 FORMAT(19H-ANODE POTENTIAL = F10.5)

PRINT 7

7 FORMATU2H-POTENTIALS AND FIELDS ON PRESCRIBED CURVE)
'READ 10»NN»(X( I)»Y( I)»I =1*NN)

10 FORMAT(I5/(2F10.5) )

PRINT 15

15 F0RMAT(8H- XIIX*1HY9X.3HPHI9X,2HPY9X,2HPX)

DO 40 J=1»NN

CALL INTPLT(X(J)»Y(J)»PHI»PY*PX*OUT)

IF(OUT)30,30*20

20 PRINT 25

25 FORMAT(35H-THIS POINT IS OUTSIDE THE BOUNDARY)

GO TO 40

30 PHI=PKl#ANODPT
PY=PY*ANODPT

PX=PX*ANODPT
PRINT 35»X(J),Y(J),PHI*PY*PX

35 FORMAT*5F12.5)

40 CONTINUE

RETURN

END
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SUBROUTINE

CINTPLT

INTPLT(ZGIVEN»RGIVEN»VPOT,DVDR*DVDZ*OUT)

C 11001S14

DIMENSION NT3(78
1),UMAT(3250),M(4

COMMON C5*C95»NT

1DZ»DR»J0BP0T»NSW

CALCULATES V»DV/

IF POINT IS OUTS

REGION*INCLUDING

EVERY WHERE ON T

(=Z-AXIS)DV/DR=0

WORK FOR POINTS

0)>UT3(780)»NT4(780)*HT4(780*4)*KT4(780),NT5(390*2
)*H(4,4)*VR(4)»VZ(4)»V(4)

3»UT3*NT4»HT4,KT4*NT5»NE3»NE4*NE5»NC*NR»KODBAS*

1>NSW2* TIM»UMAT

DR»DV/DZ*BYLINEAR INTERPOLATION AT ANY POINT(Z*R).

IDF THE REGION»SET5(OUT)=1.0.SHOULD WORK FOR ANY

THOSF WITH HOLE^*PROVIDFD FITHFR(A)V IS SPECIFIED

HF BOUNDARY OR(R)DTTTO EXCEPT THAT ON THE X-AXIS

•ACCURACY OF DERIVATES IS LESS NEAR BOUNDARY.MAY

ON BOUNDARY.

IF(ZGIVEN)1,1,7

1 OUT=1.0

RETURN-"
7 IF(RGIVFN)8,8,4

8 I.F(KODBAS-200) 1,1,4

4 OUT=0.,

Z=ABS tZGIVEN)

R=ABS XRGIVEN)

IL= INT (R/DR)+1

JL= INT (Z/DZJ+1

IF( JL-NO2*50,50

2 IF(IL-NR)3,50,50

3 IF(JL-JLP)6,5,6

5 IF(IL-ILP)6,40,6

6 M( 1) = ( IL-1)*NC+JL

M(2)=M(1)+1

M(4)=M(1)+NC

M(3)=M(4)+1

IND= 1

NTOT=l,

DO 31 K=l,4

MM=M(K)

DO 10 JJ=1*NE5

IF(MM-NT 5(JJ,1))10,16 ,9

9 IF(NT5(JJ,2)-MM)10,16,16
10 CONTINUE

IF(NE4)30,30,11

11 DO 15 JJ=1,NE4

IF(NT4(JJ)-MM)15 ,18,15

15 CONTINUE

GO TO 30-

16 DO 17 *L=1,4
17 tH(K,L) =1.0

GO TO 20

,18 DO 19 L=l,4
19 H(K,L)=HT4(JJ,L)

20 ML=MM-NC

MU=MM+NC

VR(K)=0.0 - 58 -

1209

1208

1210

1211

1212

1213

1214

1215

1216

1217

1218

1219

1220

1221

1222

1223

1224

1225

1226

1227

1232

1233

1234

1235

1236

1237

1238

1239

1240

1241

1242

1243

1244

1245

1246

1247

1248

1249

1250

1251

1252

1253

1254

1255

1256

125.7

1258

1259

1260



IF(ML)23,23,22 1261

22 VR (K )=,( H (K ,4 )* (UMAT (Ml I) -UMAT (MM ))/H (K »2 )-H (K *2 )* (UMAT (ML )-UMAT (MM ) 1262
1)/H(K*4))/((H(K»2)+H(K,4))*DR) 1263

23 VZ(K) = (H(K»3)*(UMAT(MM+1)-UMAT(MM))/H(K* 1)-H(K♦1)*(UMAT(MM-1)-UMAT 1264

KMM))/H(K»3))/((H(K*1)+H(K»3))*DZ) 1265
NTOT=NTOT+IND 1266

30 IND=2*IND 1267

31 V(K)=UMAT(MM) 1268

40 Xl=R/DR-FLOAT (IL-1)

X2 =Z/DZ-FLOAT (JL-D

GO TO(50»51»52»52*53,50*53»54»5/f,51,5O,53,54,5?,51,51) ,NTOT 1271

50 OUT=1.0 1272
GO TO 99 1273

51 XI=X1 1274

ETA=X2V ;; 1275
K=l 1276

GO TO 55 1277

52 XI=1.0-X2 1278

ETA=X1 1279

K=2 1280

GO TO 55 1281

53 XI=1.0-X1 1282

ETA=1.0-X2 1283

K=3 1284

GO TO 55 1285

54 XI=X2 1286

ETA=1.0-X1 1287

K=4 1288

55 11= MOD (K,4)+l

12= MOD (K+l,4)+l

13= MOD (K+2,4)+l

GO TO(50,61,61,62,61,50,62,63,61,62,50,63,62,63,63,64),NTOT 1292

61 IF(XI/H(K,I1)+ETA/H(K,K)-1.0)70,70,50 1293
70 DVDR=VR(K) 1294

DVDZ=V2(K) 1295

VPOT=(.V( I3)-V(K))#XI/H(K,I1)+(V(I1)-V(K) )*ETA/H (K ,K )+V (K ) 1296
GO TO 99 1297

62 IF((H(I3»K)-H(K,K))*(X1-1.0)-(ETA-H(I 3»K)))50*71*71 1298
71 DVDR=(1.0-XI)*VR(K)+XI*VR(13) 1299

DVDZ=(1.0-XI)*VZ(K)+XI*VZ(13) 1300

VPOT-(V(I3)-V(K))*XI+(V(Il)-V(K))*ETA/H<K»K)+V(K) 1301
GO TO 99 1302

63 C1=1.0-H(U,I2) 1303
C2=1.0-H(13*13) 1304
IF(C1*XI+C2*ETA-C1*C2)50*72»72 1305

72 DVDR=(VR(I2)-VR(II))*X1+(VR(12)-VR(13))*ETA+VR(I3)+VR(I1)-VR(12) 1306
DVDZ=(VZ(I2)-VZ(ID)*XI + (VZ<I 2)~VZ(13) )*ETA+V7(I 3)+VZ(I1)-VZ(12) 1307
VPOT=(V(I2)-V(II))*XI + (V<I2)-V(13))*ETA+V(I 3)+V(11)-V(I 2) 1308
GO TO 99 1309

64 C3=1.0-XI 1310
. C4=1.0-ETA 1311

C1=C3*C4 1312
C2=ETA*C3 1313

C3=XI*£TA 1314

C4=XI*C4 - 59 - 1315



DVDR=VR(1)*C1+VR(2)*C2+VR(3)#C3+VR(4)#C4 1316

DVDZ=VZ(1)#C1+VZ(2)*C2+VZ(3)#C3+VZ(4)*C4 1317

VP0T=V'(D*C1 + V(2)*C2+V(3)#C3+V(4)#C4 1318
99 IPL=IL-; 1319

JPL=JL 1320

IF(RGIVEN)100*101*101 1321

100 DVDR=-DVDR 1322

101 RETURN-" 1323
END 1324
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SUBROUTINE MAIN5

CMAIN5

C 02007 S15 /428

* C MAIN PROGRAMME FOR PLOTTING RESULTS OF 02007 /429

C /430

COMMON C5»C95,NT3*UT3*NT4»HT4,KT4»MT5,NE3>ME4*NE5»NC»NR /431

COMMON KBAS »DX♦DY,JORNUM,NSW1 *MSW2 *TIM *! JMAT,XV* YV,NP,NV,NX,NY

* DIMENSION NT3(780),UT3(780)»NT4(780),HT4(780,4),KT4(7R0),NT5(390,2 /433
1) /434

DIMENSION UMAT (3250),V(I 5),NP(I 5)*XV(2 00,15)*YV(700 *15 ) /435
C TAPES USED IN THIS PROGRAM

M= 3

N=7

C

READ 100,V(1),V(2),V(3),NV,NX,NY

NVR=NV-3 /441
IF(NVR)7,7,5 /442

5 READ 101, (V(1+3),1=1,NVR)

7 READ (N,102) JOBNUM,DX,DY,NR,NC
NPIA=NR*NC /445
READ (N,103) (UMAT(I),I=1,NPIA)
READ (M,104) NE3 *NE4,ME5,(NT3(I),UT3(I),I = 1,NE3)
READ (N,105) (NT4(I),(HT4(I,J),J=l,4)>KT4(I)»I=1»NE4)
READ (N»106) (NT5(1*1)»NT5(I,2)*I=1,NF5)
IF(NV)26*26>10 /450

10 CALL EQUPOT(V*NV*NP*XV»YV) /451
WRITE (M,107)

NL=NV /453
IF(NV-6)16*16»15 /454

15 NL=6 /455
16 WRITE (M,108) (V(I ),I=1*NL)

CALL TABLE (XV.YV,NP♦NL) /457
IF(NV-6)26,26,20 /45s

20 NL=NV-6 /459
IF(NV-12)22,22*21 /460

21 NL=6 \ /461
22 WRITE (M,108) (V(I+6),I=1,NL)

CALL TABLE(XV(1,7),YV(1,7),NP(7),NL) /463
IF(NV-12)26,26,25 /464

25 NL=NV-12 /465
WRITE (M,108) (V(1 + 12),1 =1,NL)
CALL TABLE (XV(1,13),YV(1 *13),NP(13),NL) /467

C /468

C END OF EQUIPOTENTIAL SECTION /469

C /470
26 PRINT '30

30 FORMAT(29H-ELEMENTS OF POTFNTIAL MATRIX)
PRINT '35*(UMAT(I )»I,T«1 ,NPI A)

35 FORMAT(4(F15.8,I5) )
100 FORMAT(3E15.6,315) /519
101 F0RMAT(3E15.6) /520
102 FORMAT(115,2E15.7, 2 II 5) /521
103 FORMAT;(//(7E15.7) ) /522

104 FORMAT(///3I15///(I6,E15.7)) /523
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:105 "FORMAT (•///( 16 »4F10.6 ,16 )) /524
106 F0RMAT(///(2I6)) /525
107 F0RMAT(1H1,30X»15H EQUIPOTENTIALS///) /526
108 FORMAT(;///6(F13.6»7X)//) /527

'.STOP 5
END

- 62 -



SUBROUTINE EQUPOT(V*NV*NP»XV*YV) /329
CEOUPOT

C 02007 S 12 /328

COMMON DUM,NC*NR»KBAS»DX*DY,JNUM,NSW1»NSW2*TIM*UMAT /330
DIMENSION DUNK 7025),UMAT(3250)»NP(15)*V(15)»XV(200 * 15)»YV(200,15) /331
DO 2 K=1»NV /332

2 NP(K)=0 /333
NRS=NR-1 /334
NCS=NC-1 /335
DO 45;TR = 1,NRS /336
DO 40 IC=2,NCS /337
N=( IR^-1 )*NC+IC /338
IF(ZEROIN(IR,IO)40,5,40 /339

C /340
C CURRENT POINT IS IN /341

G /342
5 IF(ZEROIN(IR,IC+1))25,10,25 /343

C /344
C RIGHT-HAND POINT IS IN /345

C /346
10 DO 20 K=1,NV /347

IF((V(K)-UMAT(N))*(UMAT(N+1)-V(K)))20,15,15 /348
15 NP(K)=NP(K)+1 /349

I=NP('K) /350
YV(I,J<)=FLOAT (IR-1)*DY

XV(I,K)=(FLOAT (IC-1)+(V(K)-UMAT(N))/(UMAT(N+1)-UMAT(N)))*DX
20 CONTINUE /353
25 IF(ZER0IN(IR+1.IC))40,27,40 /354

C /355

C POINT ABOVE IS IN /356
c /357

27 DO 35 K=1,NV /358
NN=N+NC /359

n IF((V(K)-UMAT(N))*(UMAT(NN)-V(K)))35»30»30 /360
30 NP(K)=NP(K)+1 /361

I=NP(K) /362
XV( UK)=FLOAT (IC-D^DX

YV(I»K)=(FLOAT (IR-1)+(V(K)-UMAT(N))/(UMAT(NN)-UMAT(N)))*DY
35 CONTINUE /365

/366
40 CONTINUE /367
45 CONTINUE /368

RETURIJ /369
END * /370

* C
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FUNCTION ZEKOIN (I»J) /372
CZEROIN

C 02007 S13 /371
,C ZEROIN.IS SET NONZERO UNLESS POINT (I.J) IS IN TABLE 4 OR 5. /373

/374

COMMON1C5*C95*NT3*UT3*NT4,HT4*KT4*NT5*NE3*NE4,NE5,NC»NR /375
DIMENS.vION NT3(78 0) *UT3(78 0) *NT4(780) *HT4(780*4) *KT4 (780 )*NT5-( 390 *2 /376

1> • /377
ZEROIN=0.0 /378
NP=(I-i)*NC+J /379
DO 55 K=1*NE5 /380
IF(NP-NT5(K,1))6*70»5 . /381

5 IF(NT5(K*2)-NP)55,70*70 /382
55 CONTINUE /383
6 DO 66 K=1*NE4 /384

IF(NP-NT4(K))66,70,66 - /385
66 CONTINUE /386

ZEROIN=1.0 /387
70 RETURN /388

END /389

c

- 6^ -



SUBROUTINE TABLE (X»Y*NP*NV) /391
CTABLE

C 02007 S14 /390
DIMENSION X(200»15)»Y(200*15)*NP(15) /392
DIMENSION BUF(12)

C TAPES OSED IN THIS PROGRAM

N0UT1= 3

C /393

C NV MUST BE NOT GREATER THAN 6 /394
N=N0UT1

L=0 /396
1 L=L+1 /397

M=0 /398
NN=1

DO 65 J=1»NV /399
IF(L-NP(J))5*5*3 /400

3 IF(J-l)65»4»65 /401

4 NN=2

GO TO 65 /403
5 M=l /404

GO TO (10»20»30»40*50>60),J /405

10 BUF(1)=X(L,J)

BUF(2)=Y(L,J)

NN=3

GO TO 65 /407
20 BUF(3)=X(L,J)

BUF(4)=Y(L*J)

NN=3

GO TO 65 /409.

30 BUF(5)=X(L,3)

RUF(6)-Y.(L»3>

NN=3

GO TO 65 /411

40 BUF(7)=X(L,4)

BUF(8)=Y(L,4)

NN = 3

GO TO 65 /413

50 BUF(9)=X(L,5)

BUF(10)=Y(L,5)

NN=3

GO TO 65 /415

60 BUF(1D=X(L,6)
> BUF(12)=Y(L,6)

NN=3

65 CONTINUE /417

GO TO '(91*80,90) ,NN
80 WRITE (N,100)

GO TO 91

90 WRITE (N,1000) (BUF(I),I=1,12)

DO 92 1=1,12

92 BUF(I)=0.

91 'IF(M) 1,70,1 6e /418
70 RETURN P " /419

100 F0RMAT(20X) /420



1000 FORMAT:M2F10.5) ,
END .•£:.••- /427 '•)
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IV, Solution of the First-Order Paraxial Ray Equation for a Sheet Beam

in a Uniform Magnetic Field.

In this chapter we shall be concerned with the motion of electrons

in electric and magnetic fields. The problem involves the solution of

the Lorentz force equation, Poisson's equation and the equation of con

tinuity of current in a self-consistent manner. When certain symmetries

are assumed, one can solve these equations to obtain certain special

exact solutions. However, the design of electron beams involves a num

ber of competing factors and it is seldom possible to satisfy the

requirements of the beam with these special solutions. In general it

is desirable to use approximate methods in which the effects of the

various parameters may be studied and adjustments may be made on the beam

specifications. For thin laminar beams the paraxial ray equation is a

differential equation which satisfies all the equations of space-charge

flow approximately to first order in beam thickness. When the emission

velocity is zero, we can write the first order paraxial ray equation for

a sheet beam in a uniform magnetic field perpendicular to the plane of

the trajectories as

2<pnr" +<p 'r' +(q> "+te3pn +2kftb V5JT +nb2)r = ±T (l*.l)u ° u o o u u gg v'2n«po

where

<p_ = axial potential

r = half-thickness of the beam measured along the axis of the beam

b = magnetic field

I » total current in the beam
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e = dielectric constant of free space

n b charge to mass ratio of an electron

w = width of the beam in the direction of the magnetic field

The primes indicate differentiation with respect to the arc length s

along the axis of the beam. The sign of the beam half-thickness is

positive above the axis and negative below the axis. The curvature

kQ is taken to be positive if the center of curvature is reached by

moving in the positive r direction from the axis, and negative otherwise.

The + sign must be chosen for the right hand side when r is positive and

vice versa. We refer to Fig. k. for an explanation of the symbols. In

this report we shall use the following normalizations:

s = -JS- S (k.2)
eoV

* = 2Tf* ^-3)
£0Wc

where J . is the cathode current density and w = nb.

The normalized equation is

2*QR//+ Og'R' +($0" +kkf*0 +2kQ VSlT +i)r =±-j^

where we have used the fact that

(h.k)

I =2rfcwJyk (U.5)

where R. is the half-thickness at the cathode. The lower-case symbols

refer to unnormalized values and the upper-case symbols refer to normal

ized values.
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Positive curvature

Beam edge

Cathode
Negative curvature

Fig. k: Typical electron flow for generalized coordinates.
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The equation may be solved for one of the parameters 0 , R, KQ when

the other two are specified. Therefore we have three different programs

to solve Eq. (^A).

A. Solution for axial and beam-edge potentials.

When the shape of the beam is specified, we know R and K0 as

functions of S. Then the paraxial ray equation may be solved for the

potential $0 along the axis. Furthermore we can obtain the potentials

and fields along the beam edges. We have the relation:

d) =A +AnR +A0R2 (1+.6)
0 12

The coefficients A_ and A are given by:

The input quantities are the axial curvature and the half-thickness

measured along the axis. Since the equation for *Q is a second-order

differential equation we need initial conditions for 0 and 0 ' at the

starting point of the solution. Integration is done by fourth-order

Adams-Moulton Predictor-Corrector method. A short description of the

program follows.

Name of the Main Program: INPUTP

Source Language: FORTRAN IV

Purpose: To calculate the potential along the axis and the potential

and fields along the beam edge using the paraxial ray equation

when the axial curvature and beam half-thickness are given.
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Comments: The second derivative of the beam half-thickness and the

curvature should be specified at equally spaced intervals along

the axis. The half-thickness is found by numerical integration

involving a Taylor series expansion. The curvature is integrated

to obtain the slope of the axis. The beam half-thickness and

the slope of the axis are used to calculate the coordinates of

the points along the axis and the beam edge. If the code num

ber is NCODE-0, only the parameters along the axis are deter

mined and if NC0DE=1, the beam edge parameters are also calculated.

The following programs should be in the deck:

INPUTP (Main Program)

AXIS1

PARAXP

DERIV

INTO

INT

Comment: The subroutines DERIV, INTO, INT are common to both Sections

A, B and are listed only once at the end of Section A.

Explanation of input variables:

CARD

I Reads BCD(l), any comment of 78 columns or less in length to identify

the computer run.

II Reads L2,NN,NNN,NC0DE1 FORMAT(UllO)

L2 An integer which subdivides the intervals DEIS at which the

axial curvature (Cl) and second derivative of half-thickness

(Rl) are given. (L2 = DELS/DS)
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NN Maximum number of points spaced DS along the axis. (NN=(NNN-l)*L2+l)

NNN Number of points at which Rl and CI are specified.

NC0DE1 Equals "0" if only axial parameters are required.

Equals "l" if both axial and beam edge parameters are required.

III Reads RK,DELS,Sl(l),S(l),THETA(l),PPSS(l),PPS(l),PP(l) FORMAT(8F10.5).

RK Cathode half-thickness.

DELS Interval at which the Rl and CI are specified along the axis.

Sl(l) Initial value of arc length along the axis.

S(l) Initial value of arc length along beam edge.

THETA(l) Angle between the tangent and the Y-axis at the starting

point of the axis.

PPSS(l) Initial value of the second derivative of the potential

(0 " ) on the axis. If not known, this may be set equal to

zero.

PPS(l) Initial value of the first derivative of the potential (*0')-

PP(l) Initial value of potential (<J>).

IV Reads R(l),RS(l) FORMAT(2E15.8)

R(l) Initial value of beam half-thickness.

RS(l) Initial value of first derivative of beam half-thickness.

V Reads YY(l),ZZ(l),Y(l),Z(l) FORMAT(1+F10.5)

YY(l) Initial value of Y-coordinate of beam axis.

ZZ(l) Initial value of Z-coordinate of beam axis.

Y(l) Initial value of Y-coordinate of beam edge.

Z(l) Initial value of Z-coordinate of beam edge.

VI Reads Rl(l) (I = 1,NNN) FORMAT(5E15-8)

Rl(l) Second derivative (with respect to arc length) of beam

half-thickness.
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VII Reads Cl(l) (l=l,NNN) FORMAT(5E15.8)

Cl(l) Axial curvature.
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FORTRAN IV PROGRAM INPUTP(INPUT*OUTPUT)
c this is the main program for calculation of potential on the axis
c using the paraxial ray equation

double precision ds

COMMON PHI Sb.DStDELS »NNN»NN>L2»NCODEl>Sl»Cl»Rl»SS»OR»Ci>»RS»

lR5S»PP»PPo>PPob»THETA>YY.ZZ,S»Y»Z>P.PS>PRtRK»L
DIMENSION Sl(1UO),C1(10U)>R1(100)»SS(80U),C(800)*R(800) »CS(8O0) *

IRS(800)»R5S(80u)»PP(800)»PPS(800)»PPSS(800)»THETA(800> »YY(800) »
2ZZ(80j)>S(800)»Y(800)»Z(800)»P(800)»PS(800)»PR( 800)
DIMENSION BCD(13)

READ 5»(BCD<I)tl=ltl3)

5 FORMAT(13A6)

PRINT 1U»(BCD(I)»I=1♦13)

10 F0RMAT(1H1»13A6)

READ 15»L2*NN»NNN,NC0DE1

15 F0RMAT(4I1Q)

PRINT 16»L2*NN,NNN»NC0DE1
16 FORMAT( 16H-L2 = DELS/DS = I4»50H tAH = MAX NUMBER OF POINTS SPACED

XDS ALONG AXIS = I4/36H NNN = (TOTAL ARC LENGTH/DELS+1 ) = I4*10H N
XC0DE1 = 14)

READ 20»RK»DELS»SK1) »S( 1) »THETA (1) »PPoS( 1) »PPSU J»PP< 1)
20 F0RMAT(8F10.5)

PRINT 21>ol(l),o(l)»THETA(1)»PPSS(1)»PPS(1)»PP(1)
21 FORMAT(10H- SMI) = F10.5»5X,7HS(1) = F10.5»5X»11HTHETA(1) =

XF10.5/»5X»10HPP5S(1) = F10.5»i>X,9HPPS(i) = FlO.5»5X,8HPP(1) =
XF10.5)

DS=DELS/FL0AT(L2)
PRINT 25»RK»DS

25 FORMAT*31H-RK = CATHODE HALF-THlCKNESS = F5.2»54H DS = IN
XCREMENTAL DISTANCE FOR INTEGRATION = D6.3)
READ 3U»R(1)»RS(1)

30 FORMAT(2E15.8)

READ 35»YY(1)»ZZ(l),Y(l)tZ(l)
35 FORMAT(4F10.5)

READ 40»(R1(J) ,J= l,NNN)
READ 40»(C1(J)»J=ltNNN)

40 FORMAT(5E15.8)

C(1)=C1(1)

SS(1)=S1(1)

RSS(l)sRKl)

CALL AXIS1

CALL PARAXP

STOP

END
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SUBROUTINE AXIS1

DOUBLE PRECISION DS

COMMON PHIS^»DS.DELS»NNN»NN»L2»NC0DE1»S1»C1»R1»SS»C*R»CS»RS»

lRSS»PP»PP^»PPSo»THETA»YY»ZZ»S,Y»Z»P,PS>PR,RK»L
DIMENSION Sl(10o),CK100 )»R1(100)*SS(800)•C(800)»R(8 00) »CS(800) *

IRS(800),RSS(800)»PP(8G0)>PPS(800)»PPSS(800)*THETA(800),YY(80O) »
2ZZ(800)»S(800)»Y(800),Z(800)»P(800)*PS(800)»PR(800)
DIMENSION C0ST(800)>SINT(800)
C0ST(1)=C0S(THETA(1))
SINT(1)=SIN(THETA(l))

N1=NNN-1

N2=NNN-2

L3=2*L2+1

DO 30 J=1*N1

30 Sl(J+1)=S1(J)+DELS

DO 35 J=1»N2

RSSS=(RKJ+1)-R1(J) )/DELS

Bl=(Cl(J+2)-2.*CH J+D+CK J) )/(2,*DELS**2)

B2=(C1(J+1)-C1(J))/DELS-Bl*(2.*SKJJ+DELS)
B3=CKJ)-B1*S1(J)**2-B2*S1(J)
DO 35 K=1»L2

20 I=K+L2*(J-1)
SS(I+l)=55(I)+DS

RSS(I+1)=RSS(I)+RSSS*DS

RS(I+l)=RS(I)+RSS(I)*DS+.5*RSSS*DS**2
R(I+1)=R(I)+RS(I)*DS+.5*RSS(I)*DS**2
C(I)=B1*SS(I)**2+B2*SS(I)+B3

CS(I)=2.*B1*SS(I)+B2

THETA (1+1)=THETA( I)+B1*<SS(I+1 )**3-SS( I)**3 )/3.+ B2* (SS (1+1)+SS( I))
X*DS/2«+B3*DS

COST( I+D=COS(THETA( I+ l) )

SINT( I+ D=SIN(THETA( I+ l) )
COSTDS=(COST(I+1)-C0ST(I))/DS

SINTDS=(SINT(I + l)-SI NT(I))/DS

YY(I+1)=YY(I)+COST(I)*DS+0,5*COSTDS*DS**2
ZHI+1)=ZZ(I)+SINT(I)*DS+0.5*SINTDS*DS**2
IF(NC0DE1-1)21»31.31

31 Yd )= YY( I )-R( I )*SINT( I )
Z(I)=ZZ(I)+R(I)*COST(I)

IF(I-l)32»32»34

32 GO TO 35

34 DY= Y( I.j-Y( 1-1)
DZ=Z(I)-Z(1-1)

DSS=SQRT(DY**2+DZ**2)
S( I)=S( I-U+DSS

21 IF(J-N2)35»22»35
22 IF(K-L2)35»23»23
23 K=K+1

IF(K-L3)24.36»36
24 GO TO 20

35 CONTINUE
36 IF(NC0DE1-1)45,40,40
40 PRINT 50

50 F0RMAH8H- oS7X» 5HTHETA6X , <>HYY«X »2tUltiX* 1HS9X »1HY9X t 1HZ )
PRINT S5»(SS( I ) ,THETA( I ) » U( I ) ,/_/( I ) ,;,( I ) ,Y( I ) ,Z( 1 ) .1 = 1 .NIM1 )
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55 FORMAT(7F10.5)

GO TO 70

45 PRINT 60

6U F0RMAT(8H- SS7X»5HTHETA6X»2HYY8X,2HZZ)
PRINT 65»(SS(J)»THETA(J)»YY(J)»ZZ(J),J=l»NN)

65 FORMAT(4F10.5)
70 RETURN

END
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SUBROUTINE PARAXP

C THIS SUBROUTINE SOLVES THE PARAXIAL EOUATION FOR AXIAL POTENTIAL

C WHEN THE AXIAL CURVATURE AND BEAM THICKNESS ARE GIVEN AS FUNCTIONS
C OF ARC LENGTH ALONG THE AXIS.

DOUBLE PRECISION DS.TEMP

LOGICAL SWPR

EXTERNAL DERIV

DIMENSION Zy{2) >ZPRIME(2)>TEMP(2»8)
COMMON PHIS5,DS,DELS,NNN,NN»L2,NCODE1»S1»C1»R1»SS,C»R»CS,RS»
1RSS,PP,PPS,PPSS»THETA»YY,ZZ,S,Y,Z,P,PS»PR,RK*L
DIMENSION Sl(100),C1(100)»R1(100),SS(800),C(800)»R(800)»CS(8O0)»

IRS(800) ,Rsi>(8oO) *PP(800) »PPS(800) >PPSS(800) »THETA (800) >YY(80O) »
2ZZ(80o),5(800),Y(80w) ,Z(800) ,P(800),PS(800),PR(800)
MM=2

T=SS(1)

ZV(1)=PP(1)

ZV(2)=PPS(D

VV=SQRT(2.*PP(1))

B1«RK/VV/R(D
B2=-2«*PP(l)*RSS(l)/R(1)

B3=-PPS(1)*RS(1)/R(1)

B4*-4.*C(1)**2*PP(1)
B5=-2.*C(1)*VV-1.

PPSS(1)=B1+B2+B3+B4+B5
PHISS=PPSS(1)

CALL INTo(MM»T,DERIV,ZV,ZPRIME»TEMP,DS)
PRINT 10,ZV(1),ZV(2),ZPRIME(1),ZPRIME(2)

10 FORMAT* 9H-PP(1) = F10.6»14H PPS( 1) = F10f6»14H PPS( 1) =
XF10.6»15H PPSS( 1) = F10.6)
NN1=NN-1

DO 15 I=1»NN1
405 PP(I)=ZV(1)

PPS(I)=ZV(2)

VV=SQRT(2.*PPU) )

B1=RK/VV/R(I )

B2=-2.*PP(I)*RSS(I)/R( I )

B3=-PPS(I)*RS(I)/R( I )

B4=-4.*C(I)**2*PP(I)

B5=-2.*C<I)*VV-1.

PPSS(I)=B1+B2+B3+B4+B5
PHISS=PPSS(I)

CALL INT(T,DERIV,ZV»ZPRIME,TEMP,SWPR)
IF(.NOT.SWPR) GO TO 405

PPSSS=(PPSS(I)-PPSS(1-1))/DS
A1=2.*PP( I )*C( D+VV

A2=-0.3*(PHISS-A1*C(I)-Bl>
P( I)=PP(I)+Al*R(I)+A2*R(I)**2

PR(I) =A1+2.*A2*R(I)

ASl=2«fPP(I)*CS(I)+2.*C(I>*PPS(I)+PPS(IJ/VV
PS(I) =PPS(I)+ASl*R(I)+Al*RS(I)+2.*A2*R(I)*RS(I)-0.5*(PPSSS-CS(I)

X*A1-C(I)*ASl+bl*KS(I)/R(l)+RK/R(1)*PPS(1)/VV**3)*R(I)**2
15 CONTINUE

PRINT 20

20 FORMAT(38H1PARAMETERS ALONG THE AXIS OF THE BEAM)
PRINT 25

-78-



25 FuRMAT(9H- bSlIX,1HC12X,2HCS1IX,lhK12X,2HRSlIX,3HRSS10X,
X2HPP11X,3HPPS10X,4HPPSS)
PRINT 30»(SS(1)»C(I)»CS(I),K(I),RS(1)»RoS(1)»PP(i),PPS(1)»PPSS(I),

XI=1,NN1)

30 FORMAT(9E13.5)

IF(NCODE1-1)80,40,40

40 PRINT 45

45 FORMAT(49H1PARAMETERS ALONG THE RIGHT HAND EDGE OF THE BEAM)

PRINT 50

50 FORMAT(9H- SIIX,1HY12X,1HZ12X,1HP12X»2HPS1IX,2HPR)

PRINT 55»(o(I ),Y(I),Z( I),P(I),PS(I),PR(I),I =1,NN1)
55 FORMAT(6E13.5)

80 RETURN .

END
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SUBROUTINE DERIV(T,Z,ZPRIME)

DIMENSION Z(2),ZPRIME(2)
DOUBLE PRECISION DS

COMMON PHISS.I

ZPRIME(1>=Z(2>
ZPRIME(2)=PHISS
BB=T

RETURN

END
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FORTRAN IV SUBROUTINE INTO(NO,X,DERI ,Y,F,T»HPRO)
COMMON /INTC/ IPMX,AREF,EMAX,SSSR,HFAC»SWAM,SWEX
COMMON /INTP/ HPK,XX,N»EUB,ELB»1P,IT,NRKS,SWIN

DIMENSION Y(1),F(1)»T(8»1)
LOGICAL SWAM,SWEX,SWIN
INTEGER HFAC

DOUBLE PRECISION T,HPRO,HPR,XX

DATA IPMX,AREF»EMAX,SSSR,HFAC,SWAM,SWEX

$ /1024*1.0»1.0E-6,100.0,2,.TRUE.*.TRUE./

HPR=HPRO

XX=DBLE(X)

N=NO

EUB=EMAX

ELB=EMAX/SSSR

IP=1

IT= 0

NRKS=0

SWIN=SWEX

CALL DERI (X,Y,F)

DO 9 1=1,N

T(5»I)=DBLE(Y(I))

CONTINUE

RETURN

END
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SUBROUTINE INT(X,DEkI ,Y,F,T,SWPR

X )

COMMON /INTC/ IPMX,AREF*EMAX,SSSR,HFAC»oWAM»SWEX
COMMON /INTP/ HPR,XX,N,EUB,ELB»IP.IT,NkKS,SWIN

C

DIMENSION Y(1),F(1),T(8,1)
LOGICAL SWAM»SWEX,SWIN
LOGICAL SWPR

INTEGER HFAC

DOUBLE PRECISION T,HPR,XX

DOUBLE PRECISION D,H

0000 FORMAT (36H0 CANNOT uLCRLASL h bLCAUSL OF HMlN. ,1PL16.8,120)

1 CONTINUE

SWPR=.FALSE.
TEST=0.o

H=HPR/DBLE(FLOAT(IP*24))
IF ((NRK5 .LT. 3) .OR. (.NOT. SWAM)) GO TO 20

C

C ADAMS-MOULTON STEP.
100 CONTINUE

DO 109 1=1,N

D=DBLE(F(I))

T(4,I)=D

Y(I)=SNGL(T(5,I)+H*(

X 55.0DO*D-59.OU^*T(3,I )+37.Ou>0*T(2»I )- y.0D0*TQ,I) ))
109 CONTINUE

X=SNGL(XX+24.OD0*H)

CALL DERI (X,Y,F)

DO 119 1=1,N
D=D8LE(F(I))

D=( T(5»I)+H*<

X 9.0D0*D+19.0Do*T(4,I)- 5.0D0*T(3»I)+ T(2»I) ))
T(6,I>=D

E=ABS(SNGL(D)~Y(I))/14.0

TEST =AMAXKE/AMAXKAREF,ABS(SNGL(D) ) ) >TEST)
119 CONTINUE

C

GO TO 3ou

C

C ZONNEVELD STEP.
200 CONTINUE

DO 209 1=1,N
D=DBLE(F(I))

T(4,I)=D
•C 1

Y(I)=SNGL(T(5,1)+H*(
X 12.0DO*D )}

2u9 CONTINUE

X =S.NGL(XX+12.OD0*H)
CALL DERI (X,Y,F)

DO 219 1=1,N
D=DBLE(F(I ) )

T(6,I)=D

C 2
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Y(I)=SNGL(T(5,I)+H*(

X 12.0D0*D ))

219 CONTINUE

CALL DERI (X,Y,F)

DO 229 1=1,N

D=DBLE(F(I))

T(7,U = D
C 3

Y(I)=SNGL(T(5,I)+H*(

X 24.0Do*D ))

* 229 CONTINUE

X=SNGL(XX+24.0D0*H)

CALL DERI (X,Y,F)

DO 239 1=1,N

D=DBLE(F( I ) )

T(8,I )=D

C 4

Y(I)=SNGL(T(5,I)+H*(

X 3.75DO*T(4»I)+5.25DO*T(6 *I)+9.75DO*T(7»i)-O.75D0*D ))
239 CONTINUE

X=SNGL(XX+18.0DO*H)

CALL DERI (X,Y,F)

DO 249 1=1,N

D=DBLE(F( I) )

E=ABS(SNGL(H*(

X -16.0D0*T(4»I)+48.0D0*T(6,1)+48.0D0*T(7,1)+48. D0*T(8»i)
X -128.0D0*D ) ) )

C 5

D=( T(5,I)+H*(

X 4.0D0*T(4,I)+ 8.0DO*T(6*I)+ 8.ODO*T(7,I)+ 4.0D0*T(8»I)
X ) )

T(6,I)=D

TEST=AMAX1(E/AMAX1(AKEF,ABS(SNGL(D)))»TEST)
249 CONTINUE

C

C BOTH ADAMS-MOULTON AND ZONNEVELD METHODS CONTINUE FROM HERE
300 CONTINUE

X=SNGL(XX+24.0D0*H)

IF (TEST .LE. EUB) GO TO 310

IF (IP*HFAC .GT. IPMX) GU TO 309
C

C REPEAT STEP *ITH SMALLER H.
NRKS=0

IP=IP*HFAC

IT=IT*HFAC

DO 305 1= 1,N

Y(I)=SNGL(T(5,I ) )

F(I)=SNGL(T(4,I))
305 CONTINUE

GO TO 1

C

C CANNOT DECREASE H BECAUSE OF HMIN.
309 CONTINUE

IF (.NOT. SWIN) GO TO 310

PRINT 6000, X,IPMX
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SWIN=.FALSE.

310 CONTINUE

C

C

C

,C
C

c

c

*c

ACCEPT CURRENT STEP.

XX STILL HAS NOT BEEN CHANGED SINCE ENTRY.
YY(XX) IS STILL IN T(5> ).
F(YY) IS IN T(4, ).

IT=IT+1

XX=XX+HPR/DBLE(FLOAT(IP))
NRKS=MIN0(NRKS+1,4)
DO 319 I=1,N

D=T(6,I)

T(5,I)=D

Y(I)=SNGL(D)
319 CONTINUE

X=SNGL(XX)

CALL DERI (X,Y,F)

IF (IT .LT. IP) GO TO 320

X IS A MULTIPLE OF HPRINT.
SWPR=.TRUE.
IT=IT-IP

320 CONTINUE

IF (TEST .GE. ELB) GO TO 330
IF (MOD(IP,HFAC)+MOD(IT,HFAC) .NE. 0) bO TO 33

PROCtED TO NEXT STEP WITH LARGLR H, UolNb ZONNEVELD METHOD
NRKS=0

IP=IP/HFAC

IT=IT/HFAC

RETURN

: PROCEED TO NEXT STEP WITH SAME H.
330 CONTINUE

DO 339 1= 1,N

T(1,I)=T(2,I )
T(2,I) = T(3,I )
T(3,I)=T(4,I )

339 CONTINUE

RETURN
'END
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B, Solution for beam thickness

When the shape of the axis is determined by specifying the curvature

KQ of the axis, and the potential 0 is specified along the axis, the

paraxial ray equation (k.k) may be solved for the beam half-thickness R.

The convention of signs is the same as in section A. The initial con

ditions R and R' at the starting point must be specified. A short

description of the program follows.

Name of the Program: INPUTR

Source Language: FORTRAN IV

Purpose: To calculate the beam half-width using the paraxial ray equation

when the axial potential and the axial curvature are specified.

Comments: The second derivative (with respect to arc length) of the axial

potential and the axial curvature should be specified at

equally spaced intervals of arc length along the axis. The

axial potential is found by integration. The curvature is

integrated to obtain the slope of the axis and hence the co

ordinates of the points along the axis.

The following programs should be in the deck.

INPUTR '(Main Program)

PARAXR

DERIV

INTO

INT

Explanation of the input variables:

CARD

I Reads BCD(l), any comment of 78 columns or less in length to identify

the computer run.

- 85 -



II Reads L2,NN,NNN F0RMAT(3I10)

L2 An integer which subdivides the intervals DELS at which the

axial potential and axial curvature are given. (L2=DELS/DS).

NN Maximum number of points spaced DS along the axis

(NN=(NNN-l)*L2+l).

NNN Number of points at which second derivative of axial poten

tial (Pi) and axial curvature (Cl) are specified.

III Reads RK,DELS,S1(1),THETA(1),RS(1),R(1) FORMAT(6F10.5)

RK Cathode half-thickness.

DELS Intervals at which PI and Cl are specified.

Sl(l) Initial value of the arc length along the axis.

THETA(l) Angle between the tangent and the Y-axis at the starting

point of the axis.

RS(l) Initial value of the first derivative of the beam half-thick

ness .

R(l) Initial value of half-thickness.

IV Reads PPS(l),PP(l) FORMAT(2E15.8)

PPS(l) Initial value of the first derivative of axial potential

v 0

PP(l) Initial value of axial potential (0 ).

V Reads Pl(j) (J=1,NNN) FORMAT(5E15.8)

P1(J) Values of second derivative of axial potential.

VI Reads Cl(j) (J=1,NNN) F0RMAT(5E15.8)

Cl(j) Values of axial curvature.
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CO

Column Number

Card

Sequence

1

2

3

h

Format

13A6

3110

6F10.5

5E15.8

5E15.8

DATA CARDS

10 20 30 Mo

Variables

Any comment occupying less than 78 columns

L2

RK

Pl(l)

Pl(6)

Cl(l)

ci(6)

DELS

NIT NNN

Sl(l) THETA(l) RS(1)

Pl(2) EL(3)

Cl(2) 01(3)

50 60 70 80

R(D

Pl(^) Pl(5)

Cl(^) 01(5)



FORTRAN IV PROGRAM INPUTR(1NPUT,OUTPUT)

C THIS IS THt MAIN PRuGKAM FOR CALCULATION uF dLAM HALH-THlCKNtoo

C FROM THt PaRAaIAL RAY EOUATION UoING AAiAL POTENTIAL AND AXIAL

C CURVATURE

DOUdLE PRECISION DS

COMMON RRoS,Do,DELS»NNN»NN*L2»ol,Cl»Pl»oS»C»k»CS,RS,RSS,PP,PPS»
XPPSS,THETA,YY,ZZ,S,Y,Z,RK

DIMENSION Sl(10^),Cl(10o)»Pl(lU0),SS(8uvJ),C(80O)>R(8OO) ,Co(800) »
iRS(80w),RSS(800),PP(800),PPS(800),PPSS(800),THETA(800),YY(800)>
2ZZ(80o),S(800),Y(80J),Z(3O0)
DIMENSION dCD(13)

READ 5,.(BCD( I ) ,1 = 1,13)
5 FORMAT(13A6)

PRINT 10,(bCD(I)»I=1»13)
10 FORMAT(1H1,13A6)

RtAD 15»L2»NN»NNN
15 F0RMAT(3Ilo)

PRINT 16»L2»NN,NNN

16 FORMA!(16M-L2 = DELS/DS = I4»50H m = MAX NUMdER OF POINTS SPACtD
XDS ALONG AXIS = l4/36h HNH = (TOTAL ARC LtNGTH/DtLS+ 1) = 14)
READ 20,RK,DELS>S1(1),THETA(1),RS(1),R(1)

20 FORMAT(6F10.5)

DS=DELS/FLOAT(L2)
PRINT 25»RK»DS

25 FORMAT (31H-KK. = CATHODE HALF-THICKNESS = F5.2»54H DS = IN
XCREMENTAL DISTANCE FOR INTEGRATION = D10.4)
READ 27,PPS(i),PP(1)

27 F0RMAK2E15.8)

READ 3o,(PKJ) ,J=1,NNN)

READ 30,(C1(J)»J=1,NNN)
30 FORMAT(5E15.8)

CIlJsCKl)

SS(1)=S1(1)

CALL PARAXR

STOP

END
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SUBROUTINE PARAXR

C THIS SUBROUTINE SOLVES PARAXIAL KAY EQUATION FOR BEAM HALF

C THICKNESS AND ALSO CALCULATES THE COORD1ANTES OF THE AXIS AND

C BEAM EDGE

DOUBLE PRECISION DS,TEMP

LOGICAL SWPR

EXTERNAL DERIV

COMMON RRSS,DS,DELS,NNN»NN,L2»S1,C1,P1»SS,C,R,CS*RS,RSS,PP,PPS,

XPPSS,THETA»YY,ZZ,S»Y,Z,RK

DIMENSION SKlOu),Cl(10u)»PK100),SS(8ou),C(800),R(800) »CM800) »
lRS(80o) ,R^i>(bOO) ,PP(800) »PPS(800) »PPSS(800) ,THE TA(800) »YY(800) »
211(800),S(800),Y(800),Z(800)
DIMENSION COST(800),SINT(800)

DIMENSION ZV(2)>ZPRIME(2)>TEMP(8,2)
COST( 1). = C0S( THETA( 1) )
SINK 1 )=SIN(THETA(1) )
N1=NNN-1

DO 30 J=1,N1

30 Sl(J+l)=Sl(J)+DELS
N2=NNN-2

N3=NN-L2-1

PPSS(1)=P1(1)

DO 35 J=1>N2

PSSS=(P1(J+1)-P1(J))/DELS

Bl=(Cl(J+2)-2.*CKJ+l)+CKJ))/<2«*DELS**2)
B2=(C1(J+i)-Cl(J))/DtLS-dl#(2«*SKJJ+DELS)
B3=CKJ)-B1*S1(J)**2-B2*S1(J)
DO 35 K=1»L2

I=K+L2*(J-l)

SS(I+l)=SS(I)+DS

C( I )=dl*c>S( I )**2+B2*SS( I )+B3
CS(I)=2.*31*SS(I)+B2
PPSS(I+l)=PPSS(I)+PSSS*DS
PPS(I+1)=PPS(I)+PPSS(I)*DS+.5*PSSS*DS**2
PP( 1+ 1 )=PP( 1 )+PPS( I )#u>S+.5*PPSS( I )*DS**2
THETA ( l+i)=THLTA( I )+Bl*(o5( I+1)**3-SS( I )**3 )/3.+B2* <SS <I+1)+SS( I ) )

X*DS/2.+B3*DS

COST(I+l)=COS(THETA(I + l) )
SINK I+l)=SIN(THETA( I + l) )
COSTDS=(COST( I+D-COSK I ) )/DS
SINTDS=(SINT( I + l)-SI NT(I))/DS
YY(I+1)=YY(I)+COST(I)*DS+0.5*COSTDS*DS**2

35 ZZ(I+1)=ZZ(I)+SINT(I)*DS+0.5*SINTDS*DS**2
MM= 2
T=SS(1)

ZV(1)=R(1)

ZV(2)=RS(1)

VV=SQRK2.*PP(1) )
F1=RK/VV

F2=-PPS(1)*RS(1)

F3=-(PP^(1)+4.*C(1)**2*PP(1)+2.*C<1)*VV+1.)*R(1)
RSS(1)=(F1+F2+F3)/(2.*PP(1))
RRSS=Ri>o( i)

CALL INTO(MM» T,DtRI V,Z V,Z PR IME,TEMP,DS)
PRINT 40,ZV(1),ZV(2),ZPRIME(1)»ZPRIME(2)
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40 FORMAT (8H-R(1) = F10.6,13H RS(1) = F10.6,12H RS(1) =
XF10.6»13H RSS(l) = F10.6)

DO 45 I=1>N3

1= 1

405 R(I)=ZV(1)

RS(I)^Zyi2)

VV=SQRK2.*PP< I ) )

F1=RK/VV

F?=-PPS( I)*RS( I )

F3=-(PPSS(I)+4.*C(I)**2*PP(1 )+2.*C(I)*VV+1«)*R( I)
RSS(I) = (Fl+F2+ F3)/(2o*PP( 1 ))
RRSS=RSS(I)

CALL INT(T,DERIV,ZV,ZPRIME,TEMP,SWPR)
IF(.NOT.SWPR) GO TO 405
Yd )=YY( I )-R( I)*SINT( I )

Z(I)^ZZi I)+R( I)*COST(I )
45 CONTINUE

PRINT 50

50 FORMAT(8H- ^S7X,5HTHETA6X,2HYY8X,2HZZ8X,1HY9X,1HZ9X,1HR9X,
X2HPP8X,1HC)

PRINT 55»(SS( I),THETA( I)»YY(I)»ZZ( I).Y(1),Z(I ),R(1) ,PP(i) ,c(I),
XI=1,N3)

55 FORMAT(8F10.5,E12.4)
PRINT 60

60 FORMA!(9H1 SSIIX,2HPP9X,3HPPS8X,4rtPPSS/X,1HR1IX,2HRS10X,
X3HRSS)

PRINT 65»tSS(1)»PP(I),PP5(I),PPSS(I),RH),RS(I),RSS(I),I=1,N3)
65 F0RMAK7E12.4)

RETURN

END

SUBROUTINE DERIV(T,Z,ZPRIME)
DIMENSION Z(2)»ZPRIME(2)
DOUBLE PRECISION DS
COMMON PHISS,I

ZPRIME(D=Z(2)
ZPRIME(2)=PHISS
BB=T

RETURN

END
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C, Solution for axial curvature

When the beam half-thickness R and the axial potential 0 are

specified, the shape of the axis (i.e., the curvature of the axis) may

be determined from the paraxial ray equation (U.4). The resulting

equation is a simple quadratic equation in Kn and when it is real, it

represents a real solution. A short description of the program follows.

Name of the Main Program: CURVC

Source Language: FORTRAN IV

Purpose: To calculate the axial curvature from the paraxial ray equation

when the axial potential and the beam half-thickness are given

as functions of arc length along the axis.

Comments: The second derivative of the axial potential and beam half-

thickness (with respect to arc length) should be given at

equally spaced points along the axis. The initial values of

potential and thickness and their first derivatives are also

given, and potential and thickness are found as a function of

arc length by numerical integration. The equation for the

axial curvature is a quadratic equation and is easily solved.

The following programs should be in the deck:

CURVC (Main Program)

PARAXC

All the input quantities are read in the main program.

Explanation of the input variables:

CARD

I Reads BCD(l), any comment of 78 columns or less in length to

identify the computer run.
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II Reads L1,L,N FORMAT(3I5)

LI Number of initial point on axis. It must be greater than 1.

L Number which relates 'DS' as a fraction of 'DELS1, L=DELS/DS.

N Number of points spaced 'DEliS' along axis.

III Reads RS(L2),R(L2),PPS(L2),PP(L2) FORMAT(*4E15.8)

NOTE: The numbers L2 and LI both refer to the same point on the

axis. LI is the initial value for the numbering of points spaced

'DEIS,' and L2 is the initial value for the numbering of points

spaced 'DS.' Input is specified at intervals of 'DELS1 while

integration is done and output is given at intervals of 'DS.1 LI

and L2 are related by the formula L2=l+L*(Ll-l).

RS(L2) Initial value of ^|
R(L2) Initial value of R, beam half-thickness

a*oPPS(L2) Initial value of g~.

PP(L2) Initial value of G> , beam potential on the axis

IV Reads RK,DS,SS(L2),YY(L2),ZZ(L2),THETA(L2),C(LX) FORMAT(7F10.5)

RK Cathode half-thickness.

DS Incremental distance along axis for integration and for out

put.

SS(L2) Initial value of arc length along beam axis.

YY(L2) Initial value of y-coordinate of beam axis.

ZZ(L2) Initial value of z-coordinates of beam axis.

THETA(L2) Angle (in radians) beam axis makes with y-axis.

C(LX) Curvature of axis at the point LX=L2-1, which corresponds to

the value of arc length SS(L2)-1.
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V Reads RSSl(j), J=L1,N (five numbers per card) FORMAT(5E15.8)

d^RRSSl(j) Values of —^ spaced DELS along axis.
oS2

VI Reads PSSl(j), J L1,N (five numbers per card) FORMAT(5E15.8)

PSS1(J) Values of —?r spaced DELS along axis
bs2
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PROGRAMC'iRvC(INPiJT•Output)

CTHISISTHEMAINCALLINGPROGRAMFORjni.CuRv/AtiiRECALCULATION

CFORACROSSEDFIELD*FAMWITHACONSTANTMAGNETICFIELD
DTMFNSTONPssi(?nn),PPss(nnn),ppr(ono),PP(ono),Rcci{onn),RcS(900),

iR^(ono),R(o^~i,vv(oon,,77(on^.r(ooo),rr(o^n>,nMfortn),rO^Tfoan),
?STNT(900),Tu^Ta(9nn),nrn{n),CS(8on>
-COMMONLI,L?,L,;M,LX,PC"-S1,Rcsi,PPcc,pp<;,PP,Rss,R<-,R,YY,7?»C,C^,

lTHP'TA,RK»ns,SS
,Rcad5>(nrn(T)♦I=i»1?)

<FORiMAT(1^A6)
.PRINT10,(RCD{I),1=1,1-5)

10-PORMAK1.H1,1*AM

.RFAD1R,Ll,L,N

1*FORMAT(M*)

L->=1+L*(Li-i)

RFAD1*,RS(L->),K(L*>),PPS(L?),PP(L?)
1A,F0RMATUF1«i.«)

LX=L?-1

RFAD?0,RK,DS,co(!_->),YV(L?),77(L*?)«thftA{L?),<"(LV)
?oFORMAT(7Flo.s)

RFAD?r,(Rsci{J),j-Li,N)
RFAH?^,<PSS1(J),J=Li,N)

*?«FORMAT(5F1*.R)

PRINT?0,L,?,N,RK,Ds
*0FORMAT(64H-L?=NirMBEROFPOINTSINKINOFLOWREGION=IA/

X47H-M=numberofpointsspaceddelsalongaxis=U/
X^1H-RK=CATHODEHALF-THTCKNFSS=FR.?/
X40H-DS=TNCRFimFNtaLDTSTANCrALON^AXIS-F£«?)
.CALLPARAYC

STOP

FMD
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.-.SUBROUTINE PARAyC

^DIMFNSION Pssi (?oo) ,PPSS( gop) .PPs(onn) ,PP(ooo) ♦ R.ssi (;on),R<;s {900 )♦
iR^(onn) ,R(onO) ,vy(onn ^,77 { nr\n) ,r(QOft) ,rr(ona) .rfMfonn) ,'"OST (onn ),
?ST.\!T(oon ),tmtTa (oo'M •cs(ann)

COMMON LI. »L?,L,N,LXtPs.si •Rcc1 ,PPcs,PPs,PP ,Rs S,Rr ,R ,YY, 7 7 ,C,CS,
1THFTA»RK,DS,SS'

irOST(L?)=COS(THPTA(L^))
;: SINT(L?)=SIN(THFTA(L?) )
;YV(L?-1 )=YY(L?)-COST( L?)*D<:
7.7 (L?-1)=77(L?)-SIMT(L?)*Dc

PPSS(L?)=PSS1 (LI )

Rss(L?)=Rssi(Li)

Dc-lS=DS*FLOAT(L)

N1=N-1

NN=L?+L#(N-L1)

NM1=NN-1

DO 3R J=L1,N1

RSSS=(RSSl(J+l)-R^S1(J))/DFLS

PSSS=(PSS1 (J+i )-P<;si (J) )/D^L^
DO ?fl II=1,L

•:•I=T1+L*(J-1)
•; SS( T+ 1 )=SS( T)+DS

.: R5S( T+ 1)=RSS( T )+Rsss*DS

' PPSS(I+l)=PPSS(I)+PSSS*Ds

RS( I+ l )=RS( I)+RSS( I J-M-D^+n.SttRs.S.CtfOS**?
.PPS(1 + 1)=PPs( I)+PPsS( T)*DS+0.5*PsSS*DQ**;?

R( T+ 1 )=R( I >+RS( I )*DS+0.**R<^( T )#Dc#*->
19,' PP(I + 1)=PP(I)+PPS(T )*Oc;+ n.e;*Pp<;c;( J )*n<;**?

.DO 40 I=L?,NN1

VV=SQRT(?.*PP(I))

G1=4,*PP(I)

G?s?#*VV
G**s?.*PP( I)*RSS( I)/R( I)+PP<*.( I)*RS( I)/R( I)+ l.-RK/(R( I)*VV)+PPSS( I.)
G4=G?*G?

G* = 4.*G1*G**

TC(r^-r;s)43,£?,4?

4? r( t )= (-rnp+ sQRT(^4-^S) )/(?.*r,l )

CTM(T)=0,

: GO TO 4? 5

43 C(I)*-G2/(?.*Gl)

'•• CIM( I )=S0RT(GS-G4) /(?.*G1)
4?S CS( I )= (C( I )-CA T-1 ) )/DS

jmcta ( T+ 1 )=TH^TA( T )+r( T )*nc+ o, R*rs ( T )*n<;**?

•TOST( T+ 1 )=rO<= (TH^TA( T+ 1 ) )

'STNT(T+1)=STN(THPTA(T+1)1
COSTDS=(COST(T+l)-rOST(T))/DS
STNTDS=(SINT(I+1)-STNT(I))/DS

YY(I+l)=YY(I)+COST(T)*DS+0#5*C0STDS*DS**2
ZZ( I+ l )=ZZ ( I )+SlNT( t)*ds+o«5*cintds*ds**?

40 CONTINUE
PRINT 44S

445 trORMAT(7Hl SS21 X ,1MR ,14y ,2mRq ,14X ,3hR<^ ,13x ,?HPP ,1?Y ,3HPPS ,1IX ♦

X4HPPSS)
PRTNt 4^o, (<;s( T),R( I) ,Rs( T),Rcc( t),PP( ! ) ,pp<; ( n ,PPc<;( j ),I=L?,NN)

450 F0RMAT(r8#2,^27.4,5^15.4)
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/ PRINT 45 5

4S<. FORMAT MO^Hi IF IMAGINARY C IS NOT ZERO, THEN SOLUTION NOT PHYSiCA
•XL. CURVATURE SET EQUAL TO REAL PART OF .SOLUTION.)

•:.. PRINT 45

45: FORMAT(9H- SS11X,6HC RFA.L7X»11HC IM AG INARYRX ,5HTHFTA10X ,
12HYY13X»2HZZ.13"X»1MR14X»?HPP)
PRINT 50, (SS( T)»r( t),rTM( t>,tmcta( ti,yy( t) ,7Z( T),R( T),PP( I)',T=L2»

INNl.)

•50 FORMAT(«Fl5.6)
RFTI.JRN

- 97-



REFERENCES

P. T. Kirstein and J. S. Hornsby, "A Fortran Programme for the

Numerical Analysis of Curvilinear Electrode Systems," Report No. CERN

63-16, Accelerator Research Division, CERN, Geneva, Switzerland, 25 April

1963.

P
I. Langmuir, "The Effect of Space Charge and Residual Gases on

Thermionic Currents in High Vacuum," Phys. Rev. 2, pp. h50-k86 (1913).

^ J. R. Pierce, "Rectilinear Electron Flow in Beams," Jour. App. Phys.

11, pp. 5^8-55^ (191*0).

P. T. Kirstein, "On the Determination of the Electrodes Required

to Produce a Given Electric Field Distribution Along a Prescribed Curve,"

Proc. IRE k69 pp. 1716-1722 (1958).

^ B. A. Carre, "The Determination of the Optimum Accelerating Factor

for Successive Over-Relaxation, "Computer Journal k, p. 73 (i960).

6W. E. Waters, "Paraxial Properties of Crossed-Field Electron Sheet

Beams," M. L. Report No. 603, Microwave Laboratory, Stanford University,

Stanford (May 1959).

- 98-


	Copyright notice 1968
	ERL-255 (1 of 2)
	ERL-255 (2 of 2)

